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Com production in Iowa is the state's number one economic agricultural output. 
Currently, the productivity of Iowa growers is second to none. Consequently, a vast 
proportion of the com grown is exported overseas helping to minimize the nation's foreign 
trade imbalance. Com rootworms are a serious threat to com production, especially where 
com is grown after com the previous year. Com rootworm larval damage is not noticeable 
until after severe damage is done and the most efficient method to predict larval damage is an 
estimation of the adult population the previous year. 
Counting adult rootworms has not yet met with widespread adoption by Iowa 
growers. It is more economical to always treat with an insecticide than to scout and treat 
when the rootworm population reaches economic levels. However, it is estimated that the 
majority of insecticide applications are not warranted. This inconsistency results from the 
cost and variability of scouting, resulting in unrealistic thresholds. 
Establishing the existence or non-existence of an edge effect can reduce the error 
and/or cost of scouting. If there are population differences at the edges, then the 
establishment of the sample boundaries will reduce sampling error. Sampling as close to the 
edge as possible without biasing the samples will save time in scouting. 1 looked at data 
collected from 34 Iowa continuous comfields over three years to determine if counts of adult 
rootworms were different on the outside edges of the fields as compared to counts taken 
farther into the interior. I found that the counts of northem com rootworms were higher in 
row 2 than in rows 12, 27, 47, and 80. Counts of the western com rootworm were not 
affected by the position of the row. When analyzing combined counts, there were no 
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differences for any row position. The relative population level also has an effect on the 
counts, with an increased significance of the difference in the counts of northern rootworms 
between low and high population levels. 
Another source of error is inter-sampler variation. I tested the effects of two 
sampling characteristics, experience and height, in four fields and found that sampler 
experience had more impact on beetle counts than did height. Because experience levels 
differ among scouts, the implication for pest management scouting is to sample fields with 
multiple scouts to reduce this effect when making recommendations for multiple fields 
Finally, root-rating scores from five years of insecticide efficacy trails were analyzed 
and variance components for plants, plots, and blocks were estimated. By using these 
estimates I was able to calculate the number of roots to sample in insecticide efficacy trails 
given a desired precision level and number of blocks in the test. For a precision of 20 




Corn, Zea maize L., is the most valuable crop in Iowa and the United States. The 
following statistics are based on data from the National Agricultural Statistics Service 
(1997). In 1996 com was grown on 5.14 million ha (12.7 million acres) in Iowa and 32.2 
million ha (79.5 million acres) in the U.S. Production amounted to 2.36 billion quintals (9.3 
billion bu) in the U.S. and 433 million quintals (1.7 billion bu) in Iowa. This represents, at 
an average price of $0.68 per quintal ($2.67 per bu), a value of production of $4.6 billion and 
$24.8 billion for Iowa and the U.S., respectively. Nearly 30 percent of the com planted in 
Iowa is planted in fields where com had been grown the previous year (continuous com). 
Because adult Diabrotica spp. lay their eggs predominantly in cornfields and the larvae feed 
almost exclusively on com roots, continuous com is vulnerable to attack by larvae of 
Diabrotica barberi Smith & Lawrence and Diabrotica virgifera virgifera LeConte, (northem 
and westem com rootworms, respectively). Estimates of potential yield loss due to 
Diabrotica spp. larvae are between 10 and 40 percent annually for all continuous com 
produced (Chiang at al. 1980). Of the 30 percent of Iowa continuous com, this represents a 
potential loss in Iowa of between $119 and $476 million annually, if control is not used. 
The threat of insect-related yield decline was responsible for over 3.1 million kg 
(active ingredient) of insecticide applied on 35 percent of Iowa comfields in 1991 (Hartzler 
and Wintersteen 1991). Some estimates suggest that as much as 60 percent of the insecticide 
applied to prevent Diabrotica spp. larval damage is unneeded (Gray et al. 1992). Procedures 
have been developed to predict economic infestations of Diabrotica spp. larvae by sampling 
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egg, larval, and adult stages of the insect. Of these methods, only adult sampling exhibits 
suitable combinations of precision, economics, and correlation to subsequent damage to be 
useful in Integrated Pest Management (EPM) scouting schemes (Toilefson 1990, StefFey et al. 
1982). 
A weak point of IPM explained by Poston et al. (1983) is the lack of meaningful 
Economic Injury Levels (EIL) for pests. Economic injury levels are the weakest link in the 
IPM of larval Diabrotica spp. Thresholds have been published ranging from 1/2 to 1 beetle 
per plant (Shaw et al. 1975, Illinois Cooperative Extension Service 1978, Stamm et al. 1985). 
Some of the variability in EILs has to do with experimental error. There are two types of 
inferential mistakes that can occur when using a scientific model. The first, type I error, 
occurs when the null hypothesis is rejected when, in fact, it is true. The second, type II error, 
is failure to reject the null hypothesis when it is indeed false. 
If we consider the null hypothesis is that insect populations are economic, then from a 
pest management standpoint, rejection of the null hypothesis results in a decision not to treat. 
If this is made in error (type I), the economic consequences on crop yield and the person 
responsible for the recommendation can be devastating. Conversely, the commission of a 
type H error, classifying a population as economic when it is not, results in liability only 
equal to the cost of the treatment. Not only are potentially unlimited costs associated with 
type I errors, but the subsequent damage and yield loss of com is dramatic evidence of its 
commission. In contrast, type II errors result in the same symptoms as successful insecticide 
applications. Consequently, growers and crop scouts exhibit lower tolerances for type I 
errors. 
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Improving scouting efficiency by reducing count bias is a method to reduce the 
uncertainties of sampling. Consequently, increased confidence in the population estimates 
will payoff in more realistic EILs, wider adoption and acceptance of scouting to determine 
future economic larval infestations of Diabrotica spp., and reduce the reliance on 
prophylactic insecticide treatments. 
Sampling bias can have an effect on the validity of sampling estimates. It has long 
been recognized in agronomic studies that there are differences in yield due to a border or 
edge effect, because of microclimate and landscape differences on the edges of small plots 
and fields (Conrad 1937, Probst 1943). Insects are also affected by differences in 
microclimate and landscape. Sampling biases due to edge effects have been described for the 
gypsy moth (Bellinger et al. 1989) and thrips (Bates and Weiss 1991). 
Sequential sampling was shown by Foster et al. (1982) to reduce the costs of 
sampling. They recommended that scouts walk the field in an inverted U-shape and 
cautioned to keep 50 paces from the ends of the field. Most scouts are advised to not sample 
the first 50 rows in a field to reduce 'border effect'. Time spent walking across com rows to 
reach the interior of a field could be used in sampling if the border effect was known for 
Diabrotica spp. 
Another source of variation that has been studied (Tollefson et al. 1979, Shufran and 
Raney 1989) is that between different scouts. Tollefson et al. did not observe significant 
differences in population estimates Diabrotica spp. by variance between scouts or their 
experience levels. Shufi"an and Raney (1989) did see significant differences in skill levels 
among workers when the criterion of measurement was whether the field had an economic 
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population level or not. Identifying and reducing these sources of sampler bias or error 
should also lead to increased accuracy. 
Crop rotations have been the primary mechanism of preventing Diabrotica spp. larval 
damage since they were first identified feeding on com roots. It would seem that a simple 
solution to Diabrotica spp. management is to forgo the cost of sampling their populations 
and researching efficacious methods of chemical control and rely totally on rotation to a non-
host crop, such as soybeans, for a year. Unfortunately, D. barberi has an innate ability to 
adjust its lifecycle to compensate for short rotations (Tollefson 1988). More recently there 
has been a behavioral shift or development of a new strain of D. v. virgifera, that lays its eggs 
in soybean fields and results in severe root-feeding of com planted in those fields the 
following year (Levine and Oloumi-Sadeghi 1996). 
The ability to efficiently evaluate chemical methods oiDiabrotica spp. larval control 
is important for several reasons. First, control of Diabrotica spp. larval damage with 
insecticides in continuous com is currently the most widely used and effective method of 
protecting crop yield. Because there are many produas for growers, it is essential that they 
have an unbiased source of information regarding the efficacy of these products. Second, 
new chemistries are constantly being developed to reduce the amount of toxicant in the 
environment, diversify the attack strategies to reduce insecticide resistance, and to replace 
chemicals that have shown enhanced microbial-degradation. Third, there are signs that the 
traditional method of control, rotation, which is used on the majority of com acres in the U 
S. is not always a satisfactory method of preventing larval Diabrotica spp. damage. 
Extended diapause in D. barberi (Tollefson 1988) and egg-laying in soybean fields by D. v. 
virgifera (Levine and Oloumi-Sadeghi 1996) are resulting in economic losses to com 
following a non-host crop. Insects' ability to adapt, especially when subjected to intense 
selection pressure will always be a threat to production agriculture. Current agricultural 
practices are proving to be agents of selection for Diabrotica spp. resulting in the 
development alternate life strategies. Therefore, to ensure the food security that modern pest 
management and the judicious use of therapeutic chemical treatments have afforded, we must 
acquire efficient means to rate and evaluate the alternative therapeutic strategies available to 
the grower. The specific objectives of this research were: 
1. To determine if the counts of adult Diabrotica spp. differed as a 
function of the distance from the outside edge increased and if there is. 
does species make a difference. 
2. To determine if sampler experience levels and height influence 
the counts of adult Diabrotica spp. in cornfields. 
3. To determine the appropriate variance components in com 
rootworm insecticide experimental plots and calculate the optimal number 
of roots to sample within each plot for different replications and precision 
levels. 
Dissertation Organization 
This dissertation is comprised of three manuscripts that will be submitted to 
entomological journals for publication. Co-authorship of the first paper will be shared with 
Drs. Jon Tollefson and Paul Hinz. Co-authorship of the second and third papers will be 
shared with Dr. Tollefson. Research was conceived and conducted by myself Additional 
help in colleaing data for the research was carried out with the help of members of the Iowa 
State University Com Soil-Insects research project from 1993 through 1997 A literature 
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review precedes the papers and general summary. References cited in the literature review 
are listed after the general summary. 
Literature Review 
The Insects 
The ubiquitous insect pests of com, Diabrotica barberi Smith & Lawrence and 
Diabrotica virgifera virgifera LeConte, northern and western com rootworms, respectively, 
are species native to North and Central America, respectively. They are major pests of com 
grown in the United States, especially the Cora Belt region of the north central states where 
they are the most serious pests of com (Levine and Oloumi-Sadeghi 1991). More acres of 
com are treated with insecticides in the U. S. than any other crop because of the com 
rootworm threat. 
The northem com rootworm was the first of these two insects to be identified as a 
pest of com (Riley 1880). It was originally collected by Thomas Say (1824) on an 
expedition into the Rocky Mountains of Colorado and described as Galeruca longicornis. 
LeConte (1868) was responsible for the reclassification into the sub-species D. longicornis 
barberi. In the early 1980's it was given species status (Krysan et al. 1983), and is now 
known as D. barberi. 
Gillette (1912) first reported westem com rootworm damage to com planted 
successively to com. It was first found in 1867 near Ft. Wallace, Kansas and collected from 
wild gourd (LeConte 1868). 
Both species share similar habitats and biology and it is not unusual to see the two 
species interbreeding (usually male D. barberi mount female D. v. virgifera). Krysan and 
Guss (1978) insisted that several behavioral and physiological impediments prevented 
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hybridization. However, Hintz and George (1979) reported successful laboratory 
hybridization. 
Biology 
Diabrotica barberi and D. v. virgifera are holometabolous insects; they develop 
sequentially from eggs, larvae, pupae, and adults G^eetles). They are generally univoltine and 
overwinter in the egg stage. A certain proportion of D. barberi eggs exhibit delayed 
voltinism or extended diapause, hatching during the second or later growing season 
following their deposition in the soil (Krysan et al. 1984, Levine 1985, Tollefson 1988). 
Eggs are found distributed in an aggregated or clumped distribution in cornfields 
(Foster et al. 1979). Hill (1975) found that lab-reared D. v. virgifera laid an average of 1087 
eggs in 13.5 clutches. He reported that there was about a 5-day period between clutches and 
the third clutch was the largest. In Iowa most eggs are laid in late August and early 
September (Hein and Tollefson 1985a). 
Eggs are distributed about 90 percent between the rows, 10 percent in the rows, and 
vertically 65 percent are found between 7.62-15.24 cm deep in the soil (Lawson 1964). 
There is evidence that D. barberi eggs are found closer to the row (Patel and Apple 1967). 
Soil and environmental factors influence oviposition. Cracks in the soil, caused by excess 
removal of moisture during dry periods and high water use by the plants, are an area of 
favored oviposition (Foster et al. 1979, Kirk 1979). Sisson and Chiang (1964) observed 
preferential deposition of eggs on the side of the row where com was lodged. 
The larvae of both species pass through 3 instars. Young larvae feed on root hairs 
and proceed to larger roots as they mature (Chiang 1973). Sometimes they bore inside the 
root and feed from within. The loss of root mass indirectly affects the yield of grain in two 
ways. First, water and nutrient uptake are adversely affected resulting in physiological yield 
loss (Spike and Tollefson 1991). Second, the plant becomes less stable in the soil and can 
lodge. Severe lodging can result in mechanical harvesting loss. 
Larvae are capable of horizontal movement in the soil up to 102cm (Suttle et al. 
1967). Damage and emergence, however, are indirealy related to distance traveled in the 
range of 61-81 cm (Short 1968). Larvae prefer the roots of com, but fecundity and 
survivability were unchanged when they fed on several other grasses including certain 
Triticum^ Setaria, and Hordeum spp. (Branson and Ortman 1967). Larvae emerge in early 
June and feed until early- to mid-July, but the actual developmental rate is affected by many 
factors including com planting date (Musick et al. 1980), soil heat units and Julian date 
(Bergman and Turpin 1986), and tillage (Pruess et al. 1968, Gray and Tollefson 1988). 
After larval development is complete the larvae forms an earthen cavity in the soil 
and remains in the pupal stage for up to two weeks (George and Hintz 1966). Adults start 
emerging in early- to mid-July. The average adult female remains pre-ovipositional for 12.2 
days (Hill 1975). However, Ball (1957) noted that some virgin D. v. virgifera mated 
immediately upon emergence. 
While the two species of Diabrotica share many similar traits, there are some 
important physiological and behavioral differences in the adults. Diabrotica v. virgifera is 
usually the first to emerge (Musick et al. 1980) and is a stronger flier (Peters 1963). Feeding 
preferences are different; D. v. virgifera feeding almost exclusively on above ground pans of 
the com plant, specifically, silks, pollen, and ear-tips. While D. barberi also feed on these 
above-ground parts, they also feed on pollen from other plants (Branson and Krysan 1981). 
The affinity of D. barberi to other plant pollen prompted Riley (1880) to suggest elimination 
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of ragweed {Ambrosia spp.) from cornfields as a method of control. The feeding habits of 
Diabrotica spp. adults makes them an occasional pest of com when they feed on silks to the 
point of interfering with pollination. 
The most striking visual difference between the two species is the coloration. 
Diabrotica barberi can be various shades of green, but coloration is uniform on the elytra. 
Diabrotica v. virgifera is a tan or brown with two dark stripes running longitudinally on the 
dorsal surface of each elytron. 
Control and Management 
Because Diabrotica spp. are more or less univoltine and restricted to com as the 
larval host, rotation was recognized as the earliest method of control (Riley 1880, Gillette 
1912). However, there were instances when alternating a non-host crop between successive 
years of com did not prevent Diabrotica spp. larval damage (Bigger 1932). Several years 
later, D. barberi damage to com planted after a non-host crop (first-year com) was being 
reported extensively in areas with com-soybean {Glycine max L.) rotations. Extended 
diapause was identified as the causal agent and some first-year comfields in these areas were 
treated with soil insecticides (Krysan et al. 1984, Krysan and Miller 1986, Kuhlman and 
StefFey 1987, Ostlie 1987, Tollefson 1988). More recently, D. v. virgifera has begun to 
deposit large numbers of eggs in soybeans, jeopardizing the following year's com crop and 
making agriculturists re-think production and pest-control strategies (Levine and Oloumi-
Sadeghi 1996). This is another poignant example of the insects' ability to adapt to their 
environment. 
Chemical warfare research during World War II resulted in the production of 
synthetic organic pesticides. The first of these was dichlro-diphenyl-trichloroethane (DDT) 
After the war DDT and other chlorinated hydrocarbons were used in the management of 
many insect pests including Diabrotica spp. (Cox and Lilly 1953, Lilly 1954). The relatively 
low cost of these insecticides and the desire to effectively control insect populations 
encouraged the broadcasting, or application to the entire field, not just the root zone. 
There were many advantages to using synthetic pesticides. They were economical, 
persistent, and effective. Consequently, the availability of these insecticides, combined with 
a tremendous demand for com from the United States, shifted production from traditional 
rotational agriculture to continuous com production. Unfortunately, the panacea did not last 
as intense production in the U. S., necessary during the war, and enhanced by the new 
technologies, resulted in severe overproduaion when the war ended in Europe. These factors 
resulted in low prices for farmers. The federal government, faced with intense pressure from 
farm organizations, passed new legislation bolstering farm programs, originally created 
during the depression, that encouraged more continuous com production. Part of this legacy 
was the linking of federal farm payments based on com 'base' acreage which ultimately 
became responsible for the incentive to grow continuous com, from a govemment payment 
standpoint, until the enactment of the 'Right to farm' legislation in the 1990's. 
Eventually, agriculturists learned that scientists' warnings concerning the dangers of 
widespread, indiscriminant pesticide use were more than 'Chicken Little' rhetoric (Metcalf 
and Luckmann 1982, Van Emden 1996, Smith 1970). The 'miracle' pesticides began to fail 
with increasing frequency, and it was discovered that resistance had, indeed, occurred in D. 
V. v/rgr/era (Ball 1962). 
Resistance and public pressure (Carson 1962) shifted chemical management of many 
insects, including Diabrotica spp., away from the chlorinated hydrocarbons to new classes of 
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chemical compounds. The first of these new compounds to be utilized in Diabrotica spp. 
management was diazinon, an organo-phosphorous (OP) compound. Because OPs were 
considerably more costly than their chlorinated hydrocarbon counterpans, they were 
routinely applied in a 17.8 cm band at planting time, rather than broadcast, for larval control 
of Diabrotica spp. 
Larval Control. Today management of Diabrotica spp. larvae, is accomplished, 
primarily, with banded soil applications of organo-phosphates, pyrethroids, and carbamates. 
While the mode of action is similar to the chlorinated hydrocarbons, resistance has not yet 
proven to be a factor in their use as soil insecticides applied in a band. Soil insecticide 
failures do occur, however, but the only systematic cause yet explained is enhanced 
microbial degradation by 'active' soils (Harris et al. 1984, Tollefson 1986). Band application 
of soil insecticides is not only more economical, but it allows sufficient survivorship of 
susceptible insects to delay or minimize resistance. 
Adult Control. There has been interest in managing Diabrotica spp. by reducing 
adult populations in the preceding year before significant oviposition occurs (Peters et al. 
1987, Tollefson 1980). Reduction in the adult population was achieved by broadcasting 
insecticides when 10 percent of the female beetles were gravid (Puech 1977). 
Pruess et al. (1974) reduced the adult population in the year of application of 
adulticide and this resulted in sub-economic larval infestations in the fields the year 
following treatment as long as beetle populations remained below one beetle per plant. 
However, beetle populations were unaffected the following year due to migration fi^om 
surrounding non-treated acres. Thus, annual treatments for control of adults were required. 
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Damage suppression with adult control is a viable alternative to larval control with 
soil insecticides. Adult control strategies, though, require more intensive implementation 
than soil insecticides. Fields must be monitored before control is initiated to ensure proper 
timing and confirm thresholds are exceeded. Fields must be monitored after control 
measures are applied to verify population levels are suppressed, and remain so, until 
oviposition is completed. 
Semio-Chemicai Control. Diabrotica beetles have co-evolved with curcurbitaceae 
plants and use curcurbitacins as feeding arrestants (Metcalf 1979). These curcurbitacins and 
other semio-chemicals can be used in baits to attract and stimulate the beetles to ingest large 
amounts of bait and toxin (Metcalf et al. 1982, Lance 1988). The use of semio-chemical 
baits allow the use of minute levels of toxin, and because curcurbitacins repel most other 
insects, they are extremely selective as well (Metcalf 1979, Metcalf et al. 1987, Lance and 
Sutter 1990). 
Economic Injury Levels 
Stem et al. (1959) established guidelines that have become the fi^amework for pest 
management strategies. They defined two important concepts: the economic injury level 
(EIL) and the economic threshold (ET). The EIL is the amount of injury inflicted upon the 
host that results in economic losses equal to the cost of controlling the pest. Because host 
pest interactions are dynamic, and the effect of control measures are not immediate, the ET is 
the point at which control measures are initiated to stop an increasing population fi-om 
reaching the EIL. Both the EIL and the ET are measured in terms of some pest population 




The relationship between Diabrotica spp. population levels and host plant damage is 
problematic. The subterranean location of damage creates difficulty in assessing direct 
population levels. The indirect nature of Diabrotica spp. larval damage and interaction with 
edaphic and agronomic condition means there is no simple relationship between the insect's 
population and com yield (Turpin et al. 1972). 
Methods of Diabrotica spp. population estimates have been developed for egg 
(Genrard and Chiang 1973), larval (Bergman et al. 1983), and adult (Peters 1969, StefFey et 
al. 1982, Foster et al. 1982) life stages. Larval sampling has the advantage of assessing the 
population closest to the time of damage. However, the window of opportunity for initiating 
control tactics is narrow, methods of control available are limited, and sampling with an 
adequate degree of precision results in prohibitive cost (Bergman et al. 1983). Egg sampling 
allows more time to evaluate the alternative control methods, but it too, is costly and is not 
well correlated to subsequent larval damage (Tollefson 1990). Only adult sampling has 
consistently shown good correlation to subsequent larval damage and reasonable cost 
(Tollefson 1990, Steffey et al. 1982). 
Foster et al. (1986) concluded that sampling adult Diabrotica spp. to predict larval 
damage had no value. This was because insecticides were prescribed so frequently the cost 
of scouting was barely offset and sampling did not generate a profit. 
Attempts have been made to improve aduh sampling. Steffey et al. (1982) 
determined an optimal sampling plan based on cost and precision. They concluded that 
sampling two plants at each of twenty-seven locations and counting the beetles on the entire 
plant (whole plant counts) gave population estimates within 30% precision and could be 
completed in about an hour, depending on the size of the field. 
Sampler variation has also been investigated as a source of variation. Tollefson et al. 
(1979) determined that the experience level of the scouts did not significantly affect counts of 
Diabrotica spp. Shufran and Raney (1989), however, found significant differences between 
the observations of a research scout and an EPM scout when measured by the decision 
outcomes of the observations. 
Many researchers have studied the feasibility of utilizing a passive trap to eliminate 
the effects of observer and environmental variation. While traps are at least equally effective 
as counting adults on plants in predicting subsequent larval damage, their cost is much higher 
(Hein and Tollefson 1985b). 
Rootworm EELs. Economic injury levels have been developed for the different 
sampling indices for Diabrotica spp. Lawson (1968) developed a threshold for eggs of five 
per 0.473 1 (1 pint) of soil. The larval threshold is commonly stated as 10 larvae per root 
(Chiang 1973). There is more information on thresholds for adults, but all are nominal 
thresholds (Welch et al. 1980). Pruess et al. (1974) used a threshold of one beetle per plant 
in Nebraska. Shaw et al. (1975) also used a threshold of one beetle per plant, however, this 
was later lowered to 1/2 beetle per plant (Illinois Cooperative Ext. Serv. 1978). 
Root ratings are usually mentioned most often when referring to Diabrotica spp. 
thresholds. Root ratings are an a posteriori threshold: they are best used to evaluate a 
previous treatment or non-treatment. The most popular root rating system is the Iowa 1-6 
Scale (Hills and Peters 1971). In this system roots are given an integer rating of 1 to 6 based 
on ascending damage levels (see Appendix Al at the end of chapter 2). Another scale, the 1 
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to 9 (Apple et al. 1977) is a variation of the Iowa 1-6, but is seldom used in the literature. 
There are other scales that have been developed as well, but Krysan and Miller (1986) state 
that there are no obvious advantages to selecting any other current root rating scale over the 
Iowa 1-6, for evaluation of insecticides. 
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BIAS IN SAMPLING ADULT NORTHERN AND 
WESTERN CORN ROOTWORMS (COLEOPTERA: CHRYSOMELIDAE) DUE TO 
OBSERVATIONS IN PROXIMITY TO THE FIELD EDGE 
A paper to be submitted to Environmental Entomology 
James J. McNutt and Jon J. ToIIefson 
Abstract 
Studies were conducted in 34 central Iowa cornfields in 1994 through 1996, counting 
the numbers of adult Diabrotica barberi and D. virgifera virgifera in com rows 2, 12, 27, 47, 
and 80. The data were analyzed by species, by combined species, and by population level. 
Single-degree-of-freedom orthogonal contrasts showed that counts of D. v. virgifera do not 
differ, regardless of the row sampled or population level. Counts of D. barberi, however, 
were influenced by proximity to the edge of the field and the relative population levels in the 
fields. Counts in row 2 were significantly higher than the counts in the other rows, and the 
level of significance of this difference was greater in higher population fields. There were no 
differences in the combined species counts between any of the rows. Based on these 
findings, integrated pest management recommendations for scouting adult Diabrotica spp. 
should not be done before row 12, since the species composition of the field is not known 
before scouting is initiated. 
Introduction 
Over 3.1 million kg active ingredient (a.i.) of insecticide are used on 35 percent of 
Iowa's com acres (Hartzler and Wintersteen 1991). Prophylactic treatment for com 
rootworm (northern com rootworm {Diabrotica barberi Smith and Lawrence} and western 
com rootworm {Diabrotica virgifera virgifera LeConte}) larvae represents the greatest usage 
of these chemicals (Hartzler and Wintersteen 1991). Economic loss equal to the cost of 
control measures is widely considered to occur when root ratings of com damaged by 
Diabrotica spp. larvae are greater than 3 (Mayo 1986) on the Iowa 1-6 scale (Hills and Peters 
1971). Virtually all of the soil insecticides applied are prophylactic treatments (Gray et al. 
1992). 
Com rootworm larval damage is cryptic and can easily go undetected by the grower 
until it is too late to initiate control. Methods have been developed to predict larval damage 
using previous life stages of Diabrotica spp. Egg (Gerrard and Chiang 1970) or adult 
(StefFey et al. 1982) sampling are two methods that are used to predict larval damage should 
com be grown on the sampled ground the following year. Tollefson (1990) found that adult 
sampling was more closely correlated to Diabrotica spp. larval damage and more economic 
than egg sampling. Foster et al. (1986) found, however, that sampling adult Diabrotica spp. 
to predict the need for controlling larvae had minimal value. This was because threshold 
levels of adults were commonly found and insecticides were prescribed so frequently the cost 
of scouting was rarely offset and sampling did not generate a profit. The economic 
thresholds were not improved by considering other agronomic and environmental variables. 
The inability to predict larval infestations reliably and the variability of the relationship 
between larval injury and yield have made prophylactic soil insecticides a routine 
management input on continuous com. Prophylactic soil insecticides are used analogous to 
insurance policies, in that they reduce the slight risk of catastrophic economic loss with a 
moderate cost of use. 
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This implies that the cost of sampling is an important faaor in making scouting for 
Diabrotica spp. viable. Most researchers have recommended that border rows should be 
avoided when scouting for adults, but the cost increases unnecessarily if a scout walks too far 
into the field. This aspect of sampling bias has not yet been quantified. The delineation of 
'border boundaries' could improve sampling by decreasing the time spent sampling the field. 
Materials and Methods 
Thirty-four cornfields, planted where com had been planted the year earlier, within 
100 km of Ames, Iowa, were used in this study. The study was conducted during late July 
and August in 1994 (12 fields), 1995 (11 fields), and 1996 (11 fields). Com growth stage, 
according to Ritchie et al. (1989), ranged from RI to R4. Field areas sampled were of 
uniform variety and maturity. Beetle populations representing the representative range for 
the year, i.e. fields with low through high populations, were sampled each year. Fields 
ranged in size from 8 to 121 ha. Five rows in each field positioned 2, 12, 27, 47, and 80 rows 
from an outside edge were sampled once during the season. 
Samples were whole-plant counts of D. barberi and D. v. virgifera beetles on 54 com 
plants within a row. Sampling was conducted between 0900 and 1700 CDT to reduce the 
variability of counts due to changes in beetle activity (Witkowski et al. 1975). In 1994, there 
were 3 sets of 54-plant counts taken by four scouts, randomly assigned sections of the row in 
a manner preventing the overlap of sample areas. Three scouts sampled 4 row positions 
within their portion of the field. The fourth scout sampled 1 random treatment row in each of 
the other sampler's area that that sampler did not sample. This was done to ensure sampling 
could be completed in two fields within the sampling time available in a day. 
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We found that sampling could be completed easily on two fields between 0900 and 
1700 CDT, so in the two subsequent years, the scouts were each randomly assigned to a 
particular portion of the field and sampled their rows without overlapping the other scouts. 
All scouts in 1995 and 1996 sampled all 5 row-positions. Beetle counts from all scouts were 
averaged in each row-position and the mean D. barberi, D. v. virgifera, and combined 
species counts on 54 plants were used as the dependent variable in the analysis. Row 
positions 2, 12, 27, 47, and 80 (as counted from the outside edge of the field) were the 
independent or treatment variable. The null hypothesis (Ho) was that there were no 
differences in any of the treatment means. 
Statistical analysis was performed using SAS (SAS Institute 1985). Analysis of 
variance (ANOVA) of the data was accomplished with the general linear models (Proc 
GLM) procedure. The three years' data (combined data) were combined and analyzed. The 
combined data was then grouped by population levels and analyzed. The combined data 
were analyzed as a randomized complete block, with fields as blocks and field*row as the 
error term. The grouping according to population levels was low and high; fields that 
averaged less than 1.5 and greater than 1.5 beetle average per plant, respectively. In each of 
these two groups the data were analyzed as a randomized complete block with field*row as 
the error term. In all significant models, appropriate single-degree-of-freedom orthogonal 
contrasts were performed between the treatment means. 
Field counts were calculated by taking the sum of individual scout's counts (Si) 
counted per 54 plants (P) in a field by all scouts and dividing this quantity by the number of 




Pest management scouts use numbers based on beetles per single plant. To get beetle 
numbers on a per plant basis dividing the result of equation (I) by 54, provides a mean value 
of beetles per plant per field. 
Results 
Mean beetle counts of both species, averaged over all treatment rows, were 51.3±2.7 
and 45.1±3.9 (mean ± SEM) for D. barberi and D. v. virgifera^ respectively. Combined, 
mean species counts ranged from 17.2 to 263.8 beetles per row (mean 96.4±10.2 SEM). The 
mean 54-plant row counts on all fields are presented in Table 1. In the low population fields 
mean D. barberi and D. v. virgifera per row counts were 38.8±1.8 and 15.2±4.2, 
respectively. The counts from high population fields were 65.4±3.1 and 78.7±4.2 D. barberi 
and D. v. virgifera beetles per row, respectively. The mean counts per row for low and high 
population fields is presented in Table 2. 
The results of the statistical analysis of treatment main effects combined over all 
fields are presented in Table 3. The counts of D. barberi were the only observations with 
significant (P = 0.0048) row effects. Orthogonal contrasts between the row treatments 
revealed that the increased counts of D. barberi from row 2 were highly significant (P = 
0.0048) (Table 4). 
Dividing the fields into high and low populations resulted in differences between the 
relative population densities. There were no significant row (treatment) effects in the low-
population analysis. However, the high-population fields were similar to the analysis 
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comparing all fields together. The results of the analyses are shown in Table 5. The row 
effect in the model was significant {P = 0.0249). 
Single-degree-of-fi'eedom contrasts between treatment means in the low and high 
population fields are shown in Tables 6 and 7. Significant differences (P = 0.0426) were 
found between row 2 and the average of rows 12, 27, 47, and 80 in the low population fields. 
In the high population fields this difference was even more significant (P = 0.0018). 
Discussion 
This study was comprised of data taken over three years from 34 fields in central 
Iowa. Many different environments were represented. There are complex, dynamic 
interactions that occur during the growing season between the plant, insect, and the 
environment. There are many factors interacting intra- and inter-specifically between the 
insects, their hosts, and environmental factors that can affect beetle movement and 
distribution. Steffy et al. (1982) found that both Diabrotica spp. were distributed in an 
aggregated manner in fields. This dispersion classification implies that aggression among the 
insects is minimal, however, as Bruss (1981) noted, this does not mean that increased contact 
does not influence the insects' activity. Pruess et al. (1974) noted increased activity of D. v. 
virgifera in high-density fields. The higher significance of D. barberi counts in high 
population fields could be a result of inter-species interaction, such as competition for food 
resources, since the population levels of D. v. virgifera were much higher in these fields as 
compared to the lower population fields. 
Diabrotica barberi is found feeding more often outside of cornfields than D. v. 
virgifera (Hill and Mayo 1980). It also feeds on pollen, other than com, with a much greater 
propensity than D. v. virgifera (Ludwig and Hill 1975). One of the earliest control 
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recommendations for D. barberi was the elimination of Ambrosia spp , where the insect was 
seen in large numbers feeding on the weeds (Riley 1880). There is much evidence that 
movement of D. barberi is dependent on food availability and abundance. Diabrotica 
barberi exhibits a cyclical movement out of fields, correlated to the presence of com flowers 
by immature females, and movement into fields regardless of flower maturity, by mature, 
egg-laying females (Cinereski and Chiang 1968, Lance et al. 1988, Naranjo and Sawyer 
1989). Diabrotica barberi movement occurs close to ground level as indicated by Lance et 
al. 1988, found this was also true with D. v. virgifera, but it was not as pronounced. 
Other researchers have noticed a vertical difference in distribution between male and 
female D. v. virgifera (Witkowski et al. 1975) with the females present at higher levels in the 
crop canopy and above the fields. A high propensity to engage in flight dispersal by D. v. 
virgifera, especially pre-ovipositional females, has been observed (Coats et al. 1980, Grant 
and Seevers 1989, and Naranjo 1991). Since both sexes of D. barberi have been shown to 
occupy lower levels (around Im in height) moving in and out of cornfields (Naranjo 1991) 
they are more likely to cross the field boundaries at heights where they may find suitable 
hosts and congregate. Conversely, D. v. virgifera shows fewer propensities to engage in 
foraging flights (Hill and Mayo 1980) and tends to initiate vertical movement when engaging 
in migratory flight (Naranjo 1991). Because, movement by D. v. virgifera, occurs primarily 
by females, is not necessarily initiated fi-om field borders, and because of the height of flight, 
it is not necessarily terminated in the borders of receiver fields. 
The results of this experiment will have different impacts depending on whether the 
observations are for purposes of population research or for pest management 
decision-making. For purposes of pest management scouting, where the population of both 
species is the pertinent decision-making parameter, it should not make any difference on 
where the samples are taken, relative to the field edge based on our analysis of combined 
species counts. However, since the vegetation in the field perimeter can influence the 
population abundance and distribution and since the relative proportion of Diabrotica spp. is 
unknown prior to sampling, then moving to the 12th row from the edge will preclude this 
type of bias. This will be particularly true in fields where D. barberi are predominant. If a 
precise measure of the D. barberi population in the field is desired, then scouting should not 
begin before the 12th row. The counts of D. v. virgifera do not depend on row placement 
and, therefore, there is not a sampling bias that is associated with counts of this species based 
on row position. It should be noted that this information should also apply to trapping efforts 
as well, since traps should be a measure of the relative population level in a field. 
Acknowledgement 
We would like to thank Jim Oleson and the summer crew of the com insects research 
project for assistance in scouting the fields studied in this project. Many thanks also go out 
to Robin Pruisner, who was a technician on the com insects research project. And lastly, the 
permission to sample fields from many central Iowa farmers was invaluable in this research. 
References Cited 
Bruss, R. G. 1981. Intrafield dispersal of adult com rootworms. Ph.D. Thesis, Iowa State 
University, Ames, Iowa. 
Coats, S. A., J. J. Tollefson, and J. A. Mutchmor. 1986. Study of migratory flight in the 
western com rootworm (Coleoptera: Chrysomelidae). Environ. Entomol. 15: 620-625. 
Cinereski, J. E. and H. C. Chiang. 1968. The pattern of movement of adults of the northern 
com rootworm inside and outside of com fields. J. Econ. Entomol. 61:1531-1536. 
24 
Foster, R. E., J. J. Tollefson, J. P. Nyrop, and G. L. Hein. 1986. Value of adult com 
rootworm (Coleoptera; Chrysomelidae) population estimates in pest management 
decisionmaking. J. Econ. Entomol. 79:303-310. 
Gerrard, D. J. and H. C. Chiang. 1970. Density estimation of com rootworm populations 
based upon frequency of occurrence. Ecology 51; 237-245. 
Gray, M., K. Steflfey, and H. Oloumi-Sadeghi. 1992. The wisdom of using soil insecticides 
at any rate. Proc. 111. Agric. Pesticides Conf. Coop. Ext. Serv. Univ. of 111. Urbana-
Champaign. 
Grant, R. H. and K. P. Seevers. 1989. Local and long-range movement of adult western com 
rootworm (Coleoptera; Chrysomelidae) as evidenced by washup along southern Lake 
Michigan shores. Environ. Entomol. 18:266-272 
Hartzler, R. and W. K. Wintersteen. 1991. A survey of pesticides used in Iowa crop 
production in 1990. Iowa State University Extension pamphlet Pm 1288. 
Hill, R. E. and Z B Mayo. 1980. Distribution and abundance of com rootworm species as 
influenced by topography and crop rotation in eastem Nebraska. Environ. Entomol. 9: 
122-127. 
Hills, T. M. and D. C. Peters. 1971. A method of evaluating postplanting insecticide 
treatments for control of westem com rootworm larvae. J. Econ. Entomol. 64: 764-765. 
Lance, D. R., N. C. Elliot, and G. L. Hein. 1988. Flight activity of Diabrotica spp. at field 
borders and its realtion to ovarian stage in D. barberi. Entomol. Exp. Appl. 50: 61-68. 
Ludwig, K. A. and R. E. Hill. 1975. Comparison of gut contents of adult westem and 
northern com rootworms in northeast Nebraska. Environ. Entomol. 4: 435-438. 
Mayo, Z B. 1986. Field evaluation of insecticides for control of larvae of com rootworms, 
pp. 183-203. In J. L. Kiysan and T. A. Miller eds. Methods for the study of pest 
Diabrotica. Springer, New York. 
Naranjo, S. E. 1991. Movement of com rootworm beetles, Diabrotica spp. (Coleoptera: 
Chrysomelidae), at cornfield boundaries in relation to sex, reproductive status, and crop 
phenology. Environ. Entomol. 20: 230-240. 
Naranjo, S. E. and A. J. Sawyer. 1989. A simulation model of northem com rootworm, 
Diabrotica barberi Smith and Lawrence (Coleoptera: Chrysomelidae), population 
dynamics and oviposition: significance of host plant phenology. Can. Ent. 121: 169-191. 
Pruess, K. P., J. F. Witkowski, and E. S. Raun. 1974. Population Suppression of westem 
com rootworm by adult control with ULV malathion. J. Econ. Entomol. 67: 651-655. 
25 
Riley, C. V. 1880. A new enemy to com—the long-homed Diabrotica. Am. Entomol. 3: 
247. 
Ritchie, S. W., J. J. Hanway, and G. O. Benson. 1989. How a com plant develops. Iowa 
Cooperative Extension Service, Iowa State University, Ames. Special Report 48 (rev.). 
SAS Institute. 1985. SAS user's guide; statistics. SAS Institute, Gary NC. 
StefFey, K. L., J. J. Tollefson, and P. N. Hinz. 1982. Sampling plan for population 
estimation of northem and westem com rootworm adults in Iowa comfields. Environ. 
Entomol. 11: 287-291. 
Tollefson, J. J. 1990. Comparison of adult and egg sampling for predicting subsequent 
populations of westem and northem com rootworms (Coleoptera; Chrysomelidae) J. 
Econ. Entomol. 83: 574-579. 
Witkowski, J. F., J. C. Owens, and J. J. Tollefson. 1975. Diel activity and vertical flight 
distribution of adult westem com rootworms in Iowa com fields. J. Econ. Entomol. 68: 
351-352. 
26 
Table 1. Counts of Diabrotica barbed, D. virgifera virgifera, and combined (total beetles 
on 54 plants, X ± SEM) on central Iowa com fields, 1994-1996 
Row 
Species 2 12 27 47 80 
D. barberi 60.4±7.3 49.5±5.0 50.1±5.8 49.5±5.9 47.1±5.6 
D. V. virgifera 42.4±9.7 46.9±9.2 48.9±9.6 44.7±7.6 42.6±7.7 
Combined 102.9±12.4 96.4±11.1 99.0dbl2.4 94.2±I0.0 89.7±9.6 
Table 2. Counts of Diabrotica barberi, D. virgifera virgifera, and combined (total beetles 
on 54 plants, X ± SEM) in low (<1.5 beetles per plant) and high (>1.5 beetles per plant) 
population fields, central Iowa, 1994-1996 
Row 
Level Species 2 12 27 47 80 
Low Northern 43.9±7.2 37.9±5.5 21.4±5.0 21.8±5.1 21.1±5.0 
Western 13.9±4.1 13.7±3.7 15.1±4.5 17.2±5.5 16.4±5.3 
Combined 57.9±6.0 51.5±4.8 51.6±5.2 55.4±6.0 53.9±5.6 
High Northern 79.0±12.0 62.5±7.6 65.3±9.7 62.0±10.5 57.8±10.0 
Western 74.5±17.1 84.3±14.2 87.0±14.9 75.7±I0.7 72.2±11.5 
Combined 153.5±18.7 I46.9±15.2 152.3±18.0 137.7±13.5 130.1±13.7 
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Table 3. Anova results of whole-plant counts in rows 2, 12, 27, 47, and 80. Data 
combined from 34 flelds in central Iowa from 1994-1996 
Species Source df Mean Square F P 
Northern Row Position 4 931.8 3.91** 0.0048 
Error 132 237.6 
Western Row Position 4 264.7 0.51 0.7301 
Error 132 521.4 
Combined Row Position 4 833.0 0.91 0.4609 
Error 132 916.6 
**Significant dXP= .01 
28 
Table 4. Single-degree-of-freedom orthogonal contrasts between row counts in central 
Iowa cornfields, 1994-1996 
Species Contrast Mean Square F P 
Northern Row 2 vs. average of 12-80 3530.0 14.94** 0.0002 
Row 12 vs. average of 27-80 9.3 0.04 0.8432 
Row 27 vs. average of 47 & 80 71.5 0.30 0.5842 
Row 47 vs. 80 96.5 0.41 05251 
Western Row 2 vs. average of 12-80 307.4 0.59 0.4440 
Row 12 vs. average of 27-80 55.4 0.11 0.7449 
Row 27 vs. average of 47 & 80 621.9 1.19 0.2767 
Row 47 vs. 80 74.1 0.14 0.7067 
Combined Row 2 vs. average of 12-80 1766.8 1.93 0.1674 
Row 12 vs. average of 27-80 111.1 0.12 0.7283 
Row 27 vs. average of 47 & 80 1114.9 1.22 0.2721 
Row 47 vs. 80 339.3 0.37 0.5440 
**Significant at /* = .01 
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Table 5. Anova results of whole-plant counts of northern, western, and combined 
species in rows 2, 12,27,47, and 80. Data combined from 34 flelds in central Iowa from 
1994-1996, analyzed as low (< 1.5 beetles per plant average) and high (> 1.5 beetles per 
plant average) population fields 
Population Species Source df Mean Square F P 
North Row 4 154.1 1.13 0.3512 
Error 68 136.8 
West Row 4 41.9 0.71 0.5887 
Error 68 59.1 
Combined Row 4 132.9 0.59 0.6712 
Error 68 225.3 
North Row 4 1051.9* 3.01* 0.0249 
Error 60 349.5 
West Row 4 677.0 0.64 0.6326 
Error 60 1049.8 
Combined Row 4 1606.4 0.94 0.4446 
Error 60 1700.8 
*Significant at P = .05 
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Table 6. Singie-degree-of-freedoin orthogonal contrasts between row counts in low 
population (<1.5 beetles per plant) in central Iowa comflelds, 1994-1996 
Species Contrast Mean Square F P 
Northern Row 2 vs. average of 12-80 584.0 A.21* 0.0426 
Row 12 vs. average of 27-80 2.4 0.02 0.8944 
Row 27 vs. average of 47 & 80 24.8 0.18 0.6713 
Row 47 vs. 80 5.3 0.04 0.8447 
Western Row 2 vs. average of 12-80 37.2 0.63 0.4306 
Row 12 vs. average of 27-80 89.3 1.51 0.2233 
Row 27 vs. average of 47 & 80 34.3 0.58 0.4487 
Row 47 vs. 80 6.8 0.12 0.7347 
Combined Row 2 vs. average of 12-80 327.6 1.45 0.2321 
Row 12 vs. average of 27-80 61.7 0.27 0.6026 
Row 27 vs. average of 47 & 80 118.2 0.52 0.4713 
Row 47 vs. 80 24.0 0.11 0.7451 
•Significant &lP = 0.05 
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Table 7. Single-degree-of-freedom orthogonal contrasts between row counts in high 
population (>1.S beetles per plant) in central Iowa cornfields, 1994-1996 
Species Contrast Mean Square F P 
Northern Row 2 vs. average of 12-80 3748.3 10.72»* 0.0018 
Row 12 vs. average of 27-80 7.8 0.02 0.8814 
Row 27 vs. average of 47 & 80 310.3 0.89 0.3498 
Row 47 vs. 80 141.1 0.40 0.5276 
Western Row 2 vs. average of 12-80 364.4 0.35 0.5579 
Row 12 vs. average of 27-80 435.9 0.42 0.5218 
Row 27 vs. average of 47 & 80 1812.2 1.73 0.1939 
Row 47 vs. 80 95.6 0.09 0.7639 
Combined Row 2 vs. average of 12-80 1770.5 1.04 0.3117 
Row 12 vs. average of 27-80 561.4 0.33 0.5678 
Row 27 vs. average of 47 & 80 3624.8 2.13 0.1495 
Row 47 vs. 80 468.9 0.28 0.6015 
•"•Significant at P = 0.01 
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APPENDIX 
Table Al. Mean northern (N), western (W), and combined species (Total) counts, 
growth-stage of com in Held, and landscape and vegetation adjacent to study fleids. 
1994-1996 
Per Plant Com Adjacent Size 
Location Year NCR Mean W Total Stage^ Landscape'' (ha) 
People96 1996 0.2 0.2 0.3 R1 R,S,B 101 
A&E-W96 1996 0.2 0.1 0.3 R2 C,S,N 49 
Slat-n96 1996 0.3 0.2 0.5 R1 C,H,N 8 
Ogden96 1996 0.0 0.7 0.7 R1 R,S,D 32 
AE94 1994 0.0 0.8 0.8 R4 R,S,B 32 
Slat-n95 1995 0.1 0.8 0.9 R1 C,H,N 8 
Ogd-n96 1996 0.6 0.4 1.0 R1 C,H,M 32 
Nees-e95 1995 0.1 0.9 1.0 R3 R,S,B 49 
Wood-n95 1995 0.0 1.0 I.O R2 C,S.N 24 
Slat-n94 1994 0.1 0.9 I.O R1 C,H,N 8 
Wood-s95 1995 0.0 1.1 l . I  R2 R,C,B 24 
Rol-s94 1994 0.2 1.0 1.2 R3 R,C,B 30 
AE-E95 1995 0.2 1.1 1.3 R2 R,C,B 49 
Eric-s96 1996 1.0 0.4 1.3 R2 R,S,B 24 
*R1= silking. R2 = blister, R3 = milk, and R4 = dough, (Ritchie eL al 1989). 
^Three-letter code (X.V,Z) first letter type of land on border (D = ditch or roadway. C = cropland), second letter adjacent crop 
(S = soybeans, C = com, H = hay), and third letter = vegetation or weeds in interface (N = no vegetation or weeds. B = brome grass, C = 
brome grass and several wild hemp plants. D = Brome grass and misc. broadleaf). 
Table Al. (continued) 
Per Plant Com Adjacent Size 
Location Year NCR Mean W Total Stage® Landscape'' (ha) 
Ihle96 1996 1.1 0.2 1.3 R2 C,S,B 30 
Black-e94 1994 0.8 0.6 1.4 R3 R,C,B 24 
Wood94 1994 0.1 1.3 1.4 R3 R,C,M 32 
SIat-s94 1994 0.1 1.3 1.4 R2 R,S,B 26 
C&B96 1996 1.2 0.3 1.5 R3 RB,S 28 
Ihle94 1994 0.6 1.0 1.6 R3 C,S,M 30 
Gran-n94 1994 0.3 1.4 1.7 R1 C,S,N 85 
Wood-w95 1995 0.6 1.2 1.8 R3 R,B,S 30 
Power96 1996 1.6 0.3 1.9 R2 C,C,N 22 
Boten96 1996 0.1 1.9 2.0 R2 D,C,M 24 
GTan-s94 1994 0.9 1.2 2.2 R2 CS,N 32 
Black-n95 1995 1.9 0.8 2.7 R3 R,S,M 121 
Roi-n96 1996 2.4 0.3 2.8 R3 RC,B 49 
Black-w95 1995 2.3 0.4 2.8 R3 RC,B 26 
RoI-n94 1994 0.6 2.1 2.8 R3 C,C,M 49 
Black-e95 1995 2.0 1.0 3.1 R2 R,S,B 24 
Black3795 1995 2.3 1.2 3.5 R3 R,C,B 16 
Black-n94 1994 1.4 2.3 3.7 R1 R,C,M 121 
Chap94 1994 1.8 2.1 3.9 R2 C,S,N 24 
Ihle95 1995 3.1 1,7 4.9 R1 C,S,B 30 
Table A2. Raw data including fields, sampling date, mean 54-plant counts by row, and 
by species 
Dtabrottca Diabrottca Combined 
barben virgifera 
vtrgi/era 
Sample Row Row Row 
Field Date 2 12 27 47 80 2 12 27 47 80 2 12 27 47 80 
GTan-a94 3-Aug 773 66^0 843 Wo 673 lOT 26?7 TtO §3 iwi slio 92.7 101.3 973 863 
Gran-594 3-Aug 50J 83.0 89J 55.7 54.0 20.7 57J 77J 64.0 33J 71.0 140.3 166.7 119.7 87.3 
Chap94 5-Aug 106J 114.0 1253 12IJ 97.7 125.7 101.7 99.0 87.7 803 232.0 215.7 224 3 209.0 178.0 
BIadc-ii94 5-Aug 150.0 84.0 128.7 134.0 123.0 84.7 47.7 8Z7 84.0 873 234.7 131.7 2113 218.0 2103 
Slat-s94 9-Aug 993 643 56.0 65.0 79.0 3.7 23 3.0 43 12.0 103.0 66.7 59.0 69 3 91.0 
SIat-n94 9-Aug 48.7 47.0 62.7 46.0 453 5 3 7.0 4,7 73 6.3 54.0 54.0 673 533 51.7 
RoI-n94 ll-.Aug 142.7 100.7 1113 117.0 104.0 28.7 34.0 183 46.3 48.0 171.3 134.7 129.7 163.3 152.0 
Rol-s94 11-Aug 72.7 52.7 643 45.0 37.0 9.0 113 113 153 lO.O 81.7 64.0 75.7 60.3 47.0 
AE94 15-Aug 723 30.0 32.0 363 45.0 13 1.7 I.O 1.7 1.0 73.7 31,7 33.0 38.0 46.0 
Ihle94 15-Aug 110.3 583 36,7 3T0 273 55,7 26,7 273 30.3 27,3 166,0 85 0 64,0 67,3 54 7 
Black-c94 17-Aug 40.0 31.0 29.7 27.0 253 36.7 393 38.0 453 59,7 76,7 70,3 67,7 72.3 85.0 
Wood94 17-Aug 101.0 71.0 62.7 60.0 63.7 1.7 3 3 3,0 5.7 3,3 102.7 743 65.7 65.7 67 0 
lhle95 31-Jul 97.0 91.5 1083 95.5 77.8 104.0 1983 226,5 157.5 162.8 201.0 289,8 334.8 253,0 240.5 
Slater-n95 2-Aug 40.5 56.0 35.0 413 39.0 3.0 8.3 4.8 3.8 1.3 43.5 64.3 39.8 45.0 403 
Wood-w95 3-Aug 50.5 57.8 72.8 74.0 58.5 103 17.0 45.0 54.0 36.3 60.8 74.8 117.8 128.0 94.8 
AE-E95 4-Aug 41.0 54.8 56.8 83.0 62.5 6.5 9.5 10.8 7.5 9.0 47.5 64.3 67.5 90.5 71.5 
N'ees-«95 7.Aug 40.5 58.5 55.8 42.0 33.8 2.5 10.3 8.8 7.5 5.0 43.0 68.8 64.5 49.5 38.8 
Black-w95 8-Aug 30.5 213 31.8 11.5 203 281.8 117.8 103.8 64.5 64.8 3123 139.0 135.5 76.0 85.0 
BIack-«95 8-Aug 70.8 67,8 55,5 39.8 443 58.8 141.8 102.0 109.0 135,8 129,5 209,5 157 5 148.8 180.0 
Wood-n95 9-Aug 83.8 663 48.8 36.8 333 0.5 1.8 2.5 33 1,8 84,3 68,0 51.3 40.0 35.0 
Wood-s95 9-Aug 45.5 56.8 53.0 73,0 61,8 0,8 1.5 4.0 3,3 0,5 46.3 58.3 57,0 76,3 62.3 
Black-n95 11-Aug 58.5 57.0 41.5 283 23.0 95.5 1423 112.8 85.3 74.3 154.0 199.3 154.3 113.5 97 3 
Black3795 11-Aug 93.5 76.0 633 48.8 46.5 134.5 1133 160.5 120.0 81.8 228.0 1893 223.8 168.8 128.3 
Ogd-n96 l-Aug 21.0 12.5 19.0 30.0 28.5 35.0 10.0 27.5 36.5 40.5 56.0 22.5 46.5 66.5 69.0 
Slat-n96 1-Aug 5.5 4.0 11.8 16.0 17.5 16.0 8.0 123 153 24.8 21.5 12.0 24.0 313 42.3 
.•\&E-w96 5-Aug 153 73 3.0 5.5 3.8 18.0 21.0 9 3 5.5 43 333 283 123 11.0 8.0 
PeopIe96 5-Aug 16.0 8 3 4 3 5.0 8.5 14.0 15.8 8.0 4.5 1.8 30.0 24.0 12.3 9.5 103 
Eric-s96 6-Aug 17.5 183 27.0 19.8 21.5 60.8 56.0 52.0 58.5 32.0 78.3 743 79.0 783 53.5 
Ogden96 6-Aug 24.7 35.0 253 38.3 57.0 0.0 03 2.0 0,7 2.7 24,7 35,3 27.3 39.0 59,7 
Powei96 9.Aug 203 183 17.7 193 133 53.0 1043 913 85.0 903 73.3 122.7 109.0 1043 103.7 
Ihle96 9-Aug 5.7 8.3 10.0 20.0 13,7 36.7 38.3 68.7 84.0 78.3 42.3 46.7 78.7 104.0 92.0 
Boten96 13-Aug 168.0 68.3 41.7 96.0 136.0 4.7 3.0 3 3 5.7 133 172.7 71,3 45.0 101,7 149,3 
C&B96 13-Aug 18.0 183 17.7 133 14.0 53.0 753 70,7 70.0 493 71.0 93,7 88.3 83,3 63.3 
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Figure Al. Counts of Diabrotica spp. beetles in all fields (mean±SEM), 
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Figure A2. Counts of Diabrotica spp. beetles in low beetle population 
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THE INFLUENCE OF STATURE AND STATUS ON BVTER-OBSERVER 
SAMPLING VARIATION IN COUNTS OF ADULT CORN ROOTWORMS 
A paper to be submitted to Kansas Entomological Society 
James J. McNutt and Jon J. Tollefson 
Abstract 
In 1995 comparisons were made between field scouts with 2 experience levels and 
two different classes of height, sampling adult Diabrotica bca-beri and D. virgifera virgifera 
in cornfields in central Iowa. A factorial analysis was performed on the results to determine 
if experience and/or height influenced the counts. Either experience or height did not 
influence the counts of D. bca-beri. Experience did significantly influence the counts of D. v. 
virgifera (P<.05). Comparisons (t-tests) between field scouts showed a significant (P<.05) 
difference in counts of D. v. virgifera between field scouts of similar heights and different 
skill levels. This suggests that behavioral and/or morphological differences between the two 
species and with other species present in the fields, combined with inexperience in 
identifying the insects, can lead to over-estimation of counts. Integrated pest management 
field scouts should be well-trained before beginning scouting activities, and composite 
samples from fields could reduce sampler bias. 
Introduction 
Sample bias can be caused by many different factors. The purpose of a random 
sample is to eliminate bias due to inherent, systematic characteristics of the sample 
population. Properly executed random sampling can also reduce biases associated with 
intrinsic sampler prejudice in selecting samples (Comer 1943, Handford 1956, Cochran and 
Cox 1957). However in pest management sampling, strictly random samples are seldom 
taken. Southwood (1978) discusses the use of stratified and systematic sampling that better 
minimize variance as opposed to strictly random sampling. 
The principles of selecting sites or plants from which our samples are taken are 
important in reducing variance. However, field scouts vary greatly in their physical abilities 
(vision, dexterity, height, etc.) and levels of experience and contribute to the overall sampling 
error. Sampling for Diabrotica barberi Smith & Lawrence and Diabrotica virgifera 
virgifera LeConte, (northern and western com rootworms, respectively) is done in cornfields 
where plants must be checked from ground level to heights of 275 cm or more. Because this 
is several cm higher than the average scouts' heads and reach, we theorized it could have an 
effect on counts of adult Diabrotica spp. Cochran and Watson (1936) discovered differences 
in estimates of wheat seedling height because scouts were forced to bend over in areas where 
wheat growth was low and tended to sample taller plants. Although this effect was a 
function of plant height and not sampler height, the inverse relationship could exist in 
modem fields of com that are uniform in height and approximately one-and-one-half times 
taller than the average sampler. 
Other researchers have tested the effect of sampler experience on counts of adult 
Diabrotica spp. Tollefson et al. 1979 found that experience levels had an effect on timed 
counts of Diabrotica spp., but not on whole plant counts. Shufran and Raney (1989), 
however, did find differences in the classification of populations of D. v. virgifera based on 
counts by scouts with different experience levels. There have not been any studies looking at 
the effect of sampler height and experience levels on separate counts of D. barberi and D. v. 
virgifera in the same fields. Because some fields we had sampled were planted to tall 
hybrids, it was difficult to sample the plants without physically grasping the plant and 
bending it down. When the plant was disturbed in this manner beetles could often be seen 
flying away from the upper area of the plant. We felt there could be some sampler bias based 
on height and experience and designed an experiment to test for count differences based on 
both height and experience. 
Materials and Methods 
Four scouts intensively sampled four fields during late-July and early-August 1995 in 
central Iowa. The four scouts represented two levels of experience and two levels of height. 
Scouts 1 and 2 were 180 and 158 cm tall, respectively, and had both been sampling adult 
Diabrotica spp. for approximately 5 years. Scouts 3 and 4 were 182 and 160 cm tall and had 
never sampled adult Diabrotica or any other insect before this study began. Each experience 
level was represented at each height, therefore, there was a factorial arrangement of height 
and experience. 
The scouts were randomly placed in the fields, spaced so they would not interfere 
with the other scouts and sampled 54 plants in each of 5 different rows (rows 2, 12, 27, 47, 
and 80). Sampling was done on plants spaced so that the sampling activities on one plant 
would not affect the beetles on the next plant sampled. Scouts were instructed to carefully 
approach a random plant, grasp the ear with one hand and hold it, and count any beetles that 
could be positively identified that may have initially flown off The entire plant surface was 
then counted in a systematic manner, and finally the beetles that were in the silks were 
counted. By holding on to the ear it was possible to prevent escape of beetles and it allowed 
time for the beetles to crawl to the ear-tips where they could be counted. 
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The counts were averaged over the 5 rows by sampler and by species. Differences in 
height and experience levels were evaluated with F-tests, and individual scouts (4 classes of 
height*experience) were evaluated using two-tailed /-tests from the analysis of variance 
(ANOVA) (Proc ANOVA; SAS Institute 1985). 
Results 
Experience level made a significant difference (P = 0.0468) in the counts of D. v 
virgifera (Table 1). On the average, D. v. virgifera counts were 94.5 versus 117.1 for skilled 
and unskilled scouts, respectively (Table 2). There were no differences between experience 
levels for the counts of D. barberi and there were no differences in counts attributable to the 
height of the scout for either species. 
Paired /-tests between scouts representing classes, a class being each represented 
combination of experience and height, failed to reach significance in any of the comparisons 
involving D. barberi (Table 3). However, there was one significant comparison involving D. 
V. virgifera. The average count (88.9) of D. v. virgifera by the tall, skilled scout was 
significantly less (P = 0.0193) than the count (128.4) of the tall, unskilled scout (Table 4). 
Discussion 
There were insignificant differences (P > 0.34) in the average D. barberi counts 
regardless of experience or height. We observed that D. barberi was noticeably less 'flighty' 
than D. v. virgifera, in all the fields, which agrees with the observations of Chiang and 
Flaskerd (1965) and Naranjo (1991). Pruess et al. (1974) also noticed that D. v. virgifera 
was more active in fields with a high density of beetles, resulting in more difficulty counting 
that species in those fields. Differences exist in vertical distributions of Diabrotica spp., with 
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D. V. virgifera females active at higher levels in the com canopy than their own male 
counterparts, or either/), barberi sex (Witkowski et al. 1975, Van Woerkom et al. 1983). 
All of these factors, increased activity levels, higher densities, and vertical 
distribution, could have resulted in differences in counts between scouts with tall and short 
statures. However, while the taller scouts counted more D. v. virgifera beetles on average, 
the differences were not significant (Table 1). The counts between the two tall scouts, 
surprisingly, were different (Table 4). 
Experience level is the more important factor in this case as evidenced by the 
significance of experience and the significance of the difference between scouts of the same 
height. Southwood (1978) explains in his book that unbiased sampling of insect populations 
will usually result in underestimation of the true population level. The difference in the 
counts between the tall scouts is the result of a bias on the part of the unskilled sampler. In 
instructing the scouts on the methods of sampling, they were instructed to count insects that 
flew from the plant as they approached, if it could be identified. Inexperience and lack of 
skill could result in misidentification of insects leaving the plant. Because taller scouts have 
less com foliage to look through, they may see more insects flying near the tops of com as 
compared to shorter scouts. Insects that are active at higher levels of the canopy are more 
noticeable because there is more light being reflected of their wings and bodies. For moving 
insects, this factor draws attention to the insect, but does not necessarily help to identify it. 
Unfortunately, D. v. virgifera is not the only species that is active at these higher levels. We 
hypothesize that misidentification of species other than Diabrotica resulted in the bias of the 
tall, inexperienced sampler. Com leaves could have obstmcted the short, inexperienced 
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sampler's view, more than that of the taller sampler and therefore, they did not have the 
opportunity to misidentify as many insects. 
More work needs to be conducted to test this hypothesis, however, we can draw some 
conclusions that should help increase the efficiency of pest management. First, scouts should 
be instructed to count only beetles on the plant that can be positively identified. This should 
reduce the bias associated with unskilled workers overestimating populations. Second, 
because pest management services usually employ more than one scout, where practical, 
fields should be sampled by more than one scout to reduce the systematic error from inter-
scout bias. 
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Table 1. Anova table for analysis of counts of Diabrotica barberi, and Diabrotica D. 
virgifera virgifera with F-test results of Experience, Height, and Experience*Height 
interaction 
Species Source df Mean Square F P 
Diabrotica barberi Experience 1 1.7 0.01 0.9132 
Height 1 10.2 0.08 0.7888 
Exp* Height 1 171.6 1.28 0.2879 
Diabrotica v. virgifera Experience 1 2043.0 5.30* 0.0468 
Height 1 127.7 0.33 0.5789 
Exp*Height 1 1135.7 2.95 0.1201 
•Significant at P < 0.05. 
Table 2. Mean counts of Diabrotica barberi (NCR) and Diabrotica virgifera virgifera 
(WCR) by experience level (skilled > 5 years experience, unskilled = no experience) and 
height of scout (tall > 178 cm, short < 160 cm) 
Species Species 
Experience NCR WCR Height NCR WCR 
Skilled 387 94l Tali 39^8 108.6 
Unskilled 39.3 117.1^ Short 38.2 103.0 
*Within column comparisons significant at f < 0.05. 
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Table 3. Comparisons (t-tests) of scouts within classes (class ^Experience* Height) 
means and probability the given class comparison is equal for counts of D. barberi in 
four flelds in central Iowa 1995 
Class Comparison Mean Count NCR 
Scout A Scout B Scout A Scout B (P: A=B) 
Skilled-Tall Skilled-Short 36.2 41.5 0.5610 
Skilled-Tall Unskilled-Tall 36.2 43.4 0.4028 
Skilled-Tall Unskilled-Short 36.2 35.3 0,9103 
Skilled-Short Unskilled-Tall 41.5 43.4 0.7900 
Skilled-Short Unskilled-Short 41.5 35.3 0.4901 
Unskilled-Tall Unskilled-Short 43.4 35.3 0.3463 
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Table 4. Comparisons (t-tests) of scouts within classes (class =Experience'*Height) 
means and probability the given class comparison is equal for counts of D. v. virgifera in 
four flelds in central Iowa 1995 
Comparison Mean Count WCR 
(P: A=B) Sampler A Sampler B Sampler A Sampler B 
Skilled-Tall Skilled-Short 88.9 100.1 0.4405 
Skilled-Tall Unskilled-Tall 88.9 128.4 0.0193* 
Skilled-Tall Unskilled-Short 88.9 105.9 0.2530 
Skilled-Short Unskilled-Tall 100.1 128.4 0 6884 
Skilled-Short Unskilled-Short 100.1 105.9 0.0723 
Unskilled-Tall Unskilled-Short 128.4 105.9 0.1394 
•Significant at P < 0.05. 
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Appendix 
Table Al. Data used for sampler comparisons, experience—skilled >4 years 
experience, unskilled < 2 weeks, height—short <160 cm, tall >180 cm, mean of 5 
of diabrotica barberi (NCR) and D. v. virgifera (WCR) on 54 com plants 
Field Experience Height Sampler NCR WCR 
1 Skilled Tall Jim 55.0 10.8 
1 Unskilled Tall Chad 39.0 10.0 
1 Skilled Short Rob 35.2 8.4 
1 Unskilled Short Ash 23.4 5.4 
2 Skilled Short Rob 36.0 90.2 
2 Unskilled Short Ash 33.8 111.6 
2 Unskilled Tall Chad 54.2 140.8 
2 Skilled Tall Jim 35.2 95.2 
3 Unskilled Tall Chad 22.2 180.6 
3 Unskilled Short Ash 12.4 128.4 
3 Skilled Short Rob 26.0 111.8 
3 Skilled Tall Jim 10.2 85.2 
4 Unskilled Tall Chad 58.2 182.0 
4 Unskilled Short Ash 71.4 178.0 
4 Skilled Tall Jim 44.4 164.4 
4 Skilled Short Rob 67.4 190.0 
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OPTIMAL RESOURCE ALLOCATION THROUGH JUDICIOUS 
SELECTION OF SAMPLE SIZE IN CORN ROOTWORM 
(COLEOPTERA: CHRYSOMELIDAE) INSECTICIDE 
EFFICACY TRIALS IN IOWA 
A paper to be submitted to the Journal of Economic Entomology 
James J. McNutt, Jon J. Tollefson, and Paul N. Hinz 
Abstract 
Variance components were estimated from the analysis of five years of insecticide 
efficacy trials data from Iowa State University's com insect project research using the root-
rating scores from 5,177 com roots. The variance component estimates were used to 
calculate sample numbers based on desired precision levels and fixed numbers of blocks. In 
tests (Experimental) with 4 blocks, where there had previously been 5 roots sampled per 
treatment for 20 percent precision, we calculated that 3 roots per treatment would still give 
20 percent precision. This resulted in a change in the least significant difference (LSD) of 
less than 0.07 of a root-rating unit. This is barely a measurable amount. In tests (Yield) 
where we normally sampled 3 roots in 8 blocks, we found we could reduce the sample to 1 
root per treatment and still be under 20 percent precision 
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Introduction 
Sampling is almost always a juggling act between fiscal responsibility and the 
necessity for appropriate mathematical and scientific precision. Sampling costs money. So 
does an experiment that is so clouded with statistical noise that it is of no use. Statisticians 
have provided researchers with the tools to calculate sample numbers based on preliminary 
or historical data, but in practice a nominal rather than optimal number of samples is taken. 
The tests proceed with little or no thought as to the optimum number of samples as long as 
the analysis provides statistically sound answers to the questions and the cost is within 
budget. 
In small tests that are seldom repeated this method of scientific inquiry is often 
adequate. In large tests the excess cost accrued by the use of a nominal number of samples is 
magnified many times and can become a financial burden. In choosing the number of 
samples to take the first question to be answered is; How many are needed based on a priori 
knowledge of the population parameters in question? 
Com rootworm larvae {Diabrotica barberi and Diabrotica virgifera virgifera) are the 
most economically important pests of com in the com growing regions of the United States. 
In Iowa nearly $70 million is spent annually on soil insecticides to alleviate the damage fi"om 
the two species of com rootworms (Hartzler and Wintersteen 1991). Each year many new 
compounds and commercial products are evaluated to determine if they are effective at many 
sites. Plant breeders are also interested in evaluating com rootworm damage looking for 
promising new cultivars for use in host plant resistance programs. 
Evaluation of com rootworm damage is additionally costly and problematic. This is 
due not only to the subterranean location, but also to the indirect nature of the damage. 
Additional costs are accrued because the plants must be removed from the soil and the excess 
soil washed with a high-pressure spray. After these steps are completed the roots can then be 
rated and evaluated. Because of the labor-intensive nature of these procedures, there is great 
incentive to select the optimal number of samples. Guidelines and procedures will be set 
forth in this paper to allow the researcher to calculate the optimum number of samples in 
com rootworm larval damage evaluations. 
Materials and Methods 
Data for this paper came from Com Rootworm Insecticide efficacy trials conducted at 
locations throughout the state of Iowa during 1990 through 1994. The experiments were 
randomized complete block designs. Each block was a rectangular shaped area 15.24 m long 
and contained comrows (experimental units) spaced at 76.2 cm (30 in). Alleys were made 
between two adjacent blocks by removing 1.8 m of com from each block to provide 3 .6-m 
alleys to allow access to the experimental units. The width of the blocks depended on the 
number of treatments in a particular test. Because the produas tested included experimental 
compounds that varied from year to year, only seven different treatments plus one untreated 
check were used in the analysis for this study. Tests in which the untreated checks were less 
than a 3.0 (Hills and Peters 1971) were not included in the analysis for this paper. 
The experimental units were planted using a 4-row John Deere Max Emerge™ 7100 
planter. Insecticide treatments were applied using modified Noble® metering units 
calibrated electronically in the lab to accurately deliver dry granular material at 6.4 km/h (4 
mph). Treatments were applied ahead of the planter seed furrow closing wheels, either in a 
17.8-cm (7-inch) band (T-Band), or directly into the open seed fiirrow (Furrow). Two 
insecticides, terbofos and tefluthrin, were applied in both the T-Band and Furrow placements 
resulting in four treatments. The remaining three treatments, chlorpyrifos, fonofos, and 
phorate, were applied T-Band. Plant population was 64,500 plants/ha (26,100 plants/a). 
Individual sampling units were single root systems (roots) from individual com 
plants. These root systems were obtained by digging the root systems plus surrounding soil 
from a core 30 (12 inches) cm in diameter by 25-cm (10 inches) deep around each sampled 
plant. 
Over the years the data were taken, there were three types of experiments. One of 
these experiments (Yield) tested the efficacy of the insecticide treatments by evaluating three 
random roots from each treatment row (plot) in each of eight blocks and also tested for yield 
differences at harvest. The other two experiments (Non-yield) tested regular and reduced 
rates of the treatments and only differences in root ratings from five roots per plot in each of 
4 blocks were used to evaluate efficacy. 
The roots in both yield and non-yield tests were randomly sampled at least 1.8 m 
from either end of a plot to avoid starting or stopping areas at the ends of blocks. After 
digging the roots from the soil, the excess soil was removed in the field, the plants were 
tagged, and then loaded into a truck. The samples were transported to Ames where the 
remaining soil was removed with a high-pressure water spray, and rated according to the 
Iowa 1-6 scale (Hills and Peters 1971). 
Data came from several locations over all the years analyzed resulting in the 
experiments being conducted over several environments. The analysis of variance shown in 
Table 1 was used to analyze data from each individual experiment. Variance components for 
roots (qt' ), plots within blocks ), and blocks (^^) were estimated by equating mean 
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squares to their expectations and solving the resulting equations (Snedecor and Cochran 
1967, and Table 1). Missing data were accounted for by using sequential sums of squares in 
the analysis of variance and making an appropriate adjustment in the expected mean squares. 
The variance component estimates were used to determine the affect of number of 
roots sampled per plot and number of blocks, or number of replications, on the variance of a 
treatment mean. The variance of a treatment mean (I') is given by 
where r is the number of roots sampled in a plot and b is the number of blocks. Another 
measure of experimental precision is the 5 percent least significant difference (5% LSD) 
between two treatment means and is given by 
(Steele and Torrie 1980) where is the dH percentage point of the t-distribution. 
Results and Discussion 
Precision must be related to the system of measurement used to classify the 
population in question. In this study the rating system is a scale of integers from 1 to 6 that is 
not a linear scale of damage, but an index system used for its simplicity and ease of use. It 
has proven to be an effective tool for rating compounds for com rootworm management 
(insecticide evaluations) and host plant resistance screenings (Rogers et al. 1977). In 
(2) 
The value of 2 was used for in the work that follows. Both q-'^ and the 5 percent LSD 
were estimated by substituting estimates of and in formulas (1) and (2). 
determining the least root rating increment that is meaningful it must be understood that the 
scale was never meant as a precise measurement. 
Variance component estimates for non-yield (reduced rate and experimental) and 
yield experiments are shown in Tables 2 and 3, respectively. These tables also include the 
total number of roots sampled in each experiment (n) and the average rating of the untreated 
check plots. An experiment with no missing data would have 160 roots sampled in any 
Table 2 experiment or 192 roots sampled in any Table 3 experiment. 
Variance components from individual experiments were averaged to obtain overall 
estimates. The estimates from non-yield experiments (Table 2) and yield experiments (Table 
3) were remarkably similar. Averaging the estimates from Tables 2 and 3 gave values of 
0.360 and 0.141 for estimates of and , respectively. These values were used in 
equations (1) and (2) to obtain estimates of q-'- and the 5 percent LSD. 
The precision of an experiment can be measured by the variance to mean ratio. The 
standard measure of precision is 2^^p / V x 100% (variance to mean method). In the 
experiments analyzed F equals 2.68 (root-rating). Our calculated is 0.053. 
Consequently, the overall, mean precision is 17.2 percent. In the non-yield data analyzed, 
five roots were sampled in each of four blocks. This represents a precision (LSD) of 0.675 
root-rating, or by using the variance to mean method, a precision of 19 percent. Table 4 was 
constructed using the mean estimates for (j* and , from both yield and non-yield test to 
calculate the LSD for different combinations of blocks and roots. The calculated LSD for 
five roots sampled in each of four blocks is 0.653. Reducing the number of samples from 
five to three results in an increase in the LSD of 0.069-root rating. 
The LSD varies inversely with the number of blocks and roots per treatment. There is 
a greater decrease in variability of the treatment mean, hence the LSD, fi'om doubling the 
blocks versus doubling the number of roots sampled per treatment. All things considered 
equal, one should choose the combination of roots and blocks that provide the lowest value 
for with the least number of roots sampled per treatment. By multiplying the number of 
roots times the number of blocks or reps, the total number of roots sampled per treatment can 
be calculated. From the data of Table 4 we see that, all things considered equal, one would 
choose the sampling scheme of one root per treatment in 8 blocks for the minimum number 
of roots to sample per treatment (8) at a precision of 20 percent. 
There are often many other considerations to take into account in an experiment. 
Among these are cost, other population parameters, such as yield and lodging scores, and 
testing protocols. Generally, in insecticide efficacy trials the number of blocks is based on 
these criteria and the number of roots to sample is a function of the variance and the desired 
or set number of blocks. There seems to be a great deal of resistance on the part of 
researchers to accept any sampling scheme that only samples one root per treatment no 
matter how sound the statistics are. Therefore, there are two combinations of roots and reps 
that provide the lowest total roots sampled per treatment over all blocks with a precision of at 
least 20 percent and at least two roots sampled per treatment. They are the combinations of 
six blocks with two roots and four blocks with three roots sampled per treatment. If we 
assume that the cost of a single block of an experiment is $X and the cost of Y blocks is 
$YX, then the cost of four blocks is less than the cost of six blocks. The total number of 
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rcx)ts sampled is the same whether sampling two roots per treatment in 6 blocks or three roots 
per treatment in 4 blocks. The optimum-sampling scheme, therefore, is three roots sampled 
in four blocks. 
Many researchers are reluctant to change the design of their experiments. Also, there 
are many contract researchers that stake their reputation and livelihood on the results of their 
experiments. It should be pointed out that it is unusual for researchers to have access to the 
type and shear amount of data used in this study. Given the precision of the Iowa 1-6 root 
rating scale, it should be a simple exercise to determine, based on individual needs the 
number of roots and blocks (reps) needed for a given precision based on the information 
provided in this paper. 
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Table 1. Analyasis of variance for data from a single experiment 
Source d.f. MS E(MS)* 
Blocks b-1 MSB cr 
Treatments t-1 MST (J 
Block * Treatment (b-l)(t-l) MSE (J 
-a; 
Roots within blocks and 
treatments 
bt(r-l) MSR (J 
^Variance components estimated as; 
SI = (MSB - MSE) / rt 
S] = (MSE - MSR) / r 
s: = MSR 
Table 2. Variance component estimates from Non-Yieid tests (4 Blocks, S roots 
sampled per plot), number of roots evaluated, and mean root rating of untreated plot 
Location Year 5: 5-: n 
Root 
rating" 
Newell 90 0.293 0.209 0.048 159 5.25 
Nashua 90 0.377 -0.009 0.032 154 3.70 
Sutherland 90 0.490 0.156 0.036 160 5.55 
Crawfordsville 91 0.371 0.229 0.009 159 5.55 
Nashua 91 0.277 0.115 0.032 159 4.70 
Newell 91 0.521 0.190 0.006 159 4.35 
Crawfordsville 91 0.284 0.153 0.012 160 5.10 
Nashua 91 0.349 0.135 0.017 159 4.65 
Ames 92 0.428 0.105 0.008 160 4.50 
Crawfordsville 92 0.444 0.062 0.012 160 5.45 
Newell 92 0.494 0.067 0.056 160 4.60 
Newell'' 92 0.513 0.051 0.013 160 3.85 
Sutherland 92 0.259 0.018 0.008 160 4.55 
Ames 93 0.338 0.419 0.462 160 5.75 
Nashua 93 0.419 0.260 0.147 160 4.70 
Chapin 94 0.339 0.373 0.052 159 4.00 
Nashua 94 0.381 0.032 0.019 160 3.60 
MEAN 0.387 0.151 0.057 
"Root rating mean of untreated check plot 
'^"his experiment was a separate experiment at this location where the chemicals were 
also tested at reduced-rates. Only the fiill-rate results were used in the analyses. 
Table 3. Variance component estimates from Yield tests (8 Blocks, 3 roots sampled per 
plot), and mean root rating of untreated plot 
Location Year 5-; 5: n 
Root 
rating" 
Nashua 90 0.385 0.218 0.062 192 3.54 
Newell 90 0.284 0.251 0.075 192 3.71 
Sutherland 91 0.409 0.105 0.008 192 4.13 
Ames 91 0.280 0.063 0.019 192 3.48 
Nashua 91 0.479 0.007 0.023 168 3.71 
Crawfordsville 92 0.378 0.128 -0.006 191 4.71 
Mount Union 92 0.266 0.092 0.007 191 3.96 
Sutherland 92 0.241 0.084 0.026 192 4.29 
Nashua 93 0.220 0.175 0.174 192 3.13 
Rhodes 93 0.388 0.198 0.008 191 3.63 
Sutherland 93 0.323 0.148 0.176 192 4.67 
Chapin 94 0.443 0.211 0.169 192 4.63 
Nashua 94 0.234 0.023 -0.006 192 3.58 
MEAN 0.333 0.131 0.057 
'Root rating mean of untreated check plot 
Table 4. LSD values calculated with mean variance components values of 0.360 and 
0.141 for (j\ and respectively for several combinations of blocks per experiment 
and roots sampled per plot 
Number of roots sampled 
Blocks 8 7 6 5 4 3 2 1 
12 0.352" 0.358** 0.366** 0.377** 0.392* 0.417* 0.463* 0.578* 
10 0.386* 0.392* 0.401* 0.413* 0.430* 0.457* 0.507* 0.633* 
8 0.431* 0.439* 0.448* 0.461* 0.481* 0.511* 0.567* 0.708* 
6 0.498* 0.506* 0.518* 0.533* 0.555* 0.590* 0.654* 0.817 
4 0.610* 0.620* 0.634* 0.653* 0.680* 0.722* 0,801 1.001 
2 0.862 0.877 0.896 0.923 0.961 1.022 1.133 1.416 
"Represents 10 percent precision or greater (/ K x 100%; V = 2.68). 
'Represents 20 percent precision or greater (zj^/rxl00%; r=2.68). 
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Appendix 
Table Al. Index of root rating damage (Hills and Peters 1971) 
Damage Description of damage 
Rating 
1 No damage or only a few feeding scars. 
2 Feeding scars evident, but no roots eaten off to within 3 .75 cm of the plant. 
3 Several roots eaten off to within 3.75 cm of the plant. 
4 One node of roots completely destroyed. 
5 Two nodes of roots completely destroyed. 
6 Three or more nodes of roots destroyed. 
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Table A2. Example SAS output from Experimental (5 roots sampled in 4 blocks) 
experiment 
LOC=CUNEWL 
General Linear Models Procedure 






3 1  
1 2 7  
1 5 8  
R-Square 
0 . 8 0 5 1 3 9  
Sum of Squares 
1 5 3 . 7 0 5 6 6 0 3 8  
3 7 . 2 0 0 0 0 0 0 0  
1 9 0 . 9 0 5 6 6 0 3 8  
C . V .  
1 6 . 5 8 0 5 7  
F Value 
1 6 .  9 3  
Pr > F 
0 . 0 0 0 1  
RATING Mean 





DF Type I SS 
3  6 . 6 6 3 3 5 2 6 9  
7  1 1 8 . 9 9 5 6 6 3 4 0  
2 1  2 8 . 0 4 6 6 4 4 3 0  
F Value 
7 . 5 8  
5 8 . 0 4  
4 . 5 6  
Pr > F 
0 . 0 0 0 1  
0 . 0 0 0 1  
0 . 0 0 0 1  
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Table A3. Example SAS output from Yield (5 roots sampled in 4 blocks) experiment 
LOC=DYNASH 
General Linear Models Procedure 






6 3  
128 
1 9 1  
R-Square 
0 . 7 0 1 4 2 2  
Sum of Squares 
1 1 4 . 3 2 8 1 2 5 0 0  
4 8 . 6 6 6 6 6 6 6 7  
1 6 2 . 9 9 4 7 9 1 6 7  
C . V .  
2 6 . 3 6 7 3 0  
F Value 
4 . 7 7  
Pr > F 
0 . 0 0 0 1  
RATING Mean 








4 9  
Type I SS 
1 1 . 8 6 9 7 9 1 6 7  
6 1 . 2 0 3 1 2 5 0 0  
4 1 . 2 5 5 2 0 8 3 3  
F Value 
4  .  4 6  
2 3 . 0 0  
2 . 2 1  
Pr > F 
0 . 0 0 0 2  
0 . 0 0 0 1  
0 . 0 0 0 2  
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SUMMARY 
Sampling programs that have been developed for adult Diabrotica spp. have suffered 
due to their cost and/or lack of consistency in predicting economic injury in the following 
year. I provide information (Paper 1) that can cut costs associated with scouting by reducing 
the time spent in the field. The intensive sampling of Diabrotica spp. beetles in cornfields in 
Iowa during 1994 through 1996 provided a measurement of population dynamics on field 
borders and their effects on population estimates in these species. Differences were found 
between species, with counts of D. barberi significantly higher on the outside edge of the 
field. Counts of D. virgifera virgifera did not show any tendencies to differ based on 
distance from the edge of the field. 
These results show that scouts can walk into a field, start their counts anywhere, and 
get accurate counts of adult Diabrotica spp. when both species or only D. v. virgifera are 
present. In areas where D. barberi is the sole species present, counting should not begin 
before the 12th row from the outside edge, or the population estimates will be biased. The 
relative population density affects counts of D. barberi also. As the population density 
increases, the bias towards higher counts on the outside becomes greater and more 
significant, but the distance into the field is not affected. For practical pest management this 
means that unusually high levels of D. barberi at the edge of the field will not affect 
Integrated pest management decisions based on counts at least 12 rows inside the field. 
Scouts seldom have a priori knowledge of species composition and the outermost two 
or three rows of com are often less uniform than the rest of the field. Therefore, it would be 
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judicious to recommend that all adult Diabrotica spp. IPM scouting begin 12 rows from the 
outside edge. Researcher efforts may take advantage of the species difference to adjust 
counts based on the species in question. When placing traps to monitor populations, these 
guidelines should also apply. 
The second source of sample uncertainty is sample error. We know from research 
that there is error associated with sampler experience levels, but there is a debate as to 
whether this difference is significant or not. Since sampling involves other factors besides 
skill, I tested the effea of sampler height and skill on the variability of the Diabrotica spp. 
adult counts. The results of the study are presented in Paper 2. This data indicates that 
experience level is more of a factor in counting error than is the height of the scout, 
especially for D. v. virgifera. However, the interaction of experience level with height did 
have a significant effect in my study on counts of D. v. virgifera. 
The results of this study on IPM scouting suggest a couple of management guidelines. 
First, scouts need to be thoroughly trained so that they know how to identify the two adult 
Diabrotica spp. and they should be given specific instructions to count only insects that can 
be positively identified. Secondly, when several scouts are employed by a scouting service, 
composite samples by experienced and inexperienced scouts in one field will reduce 
systematic errors resulting from differences in experience. 
Finally, even with improved scouting efficiency, therapeutic actions to control larval 
Diabrotica spp. damage will be prescribed often. Since the proper use of banded soil 
insecticides has proven to be an effective and economical method of protecting the root zones 
of treated com plants, it is likely to continue as the control measure of choice for the 
foreseeable future. Economical methods of screening and evaluation of new and existing 
insecticides for control of Diabrotica spp. larvae is critical to the economic health of com 
production. 
I estimated variance components (Paper 3) from the analysis of five years of data 
using the root-rating scores from 5,177 com roots. The variance component estimates were 
used to calculate sample numbers based on desired precision levels and fixed numbers of 
blocks. In tests (Experimental) with 4 blocks, where there had previously been 5 roots 
sampled per treatment for 20 percent precision, we calculated that 3 roots per treatment 
would still give 20 percent precision. This resulted in a change in the least significant 
difference (LSD) of less than 0.07 of a root-rating unit. This is barely a measurable amount. 
In tests (Yield) where we normally sampled 3 roots in 8 blocks, we found we could reduce 
the sample to I root per treatment and still be under 20 percent precision. 
Digging, transporting, processing, and rating roots is a time consuming process. By 
following the guidelines presented a savings of 40 and 67 percent could be potentially be 
realized for Experimental and Yield tests, respectively. 
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